The purpose of this study is to determine the anticancer activity and the nutritional values of the seeds of Glinus lotoides , a plant used as a dietary vegetable and medicinal plant in Asia and Africa. To achieve this goal, the seeds were extracted in soxhlet using solvents, namely n -hexane, dichloromethane, methanol and water. The methanol and n -hexane extracts showed differential growth inhibitory responses in carcinoma cell lines (Calu-3 IC 50 ϭ 29.7 and 79.8 g/mL and Caco-2 IC 50 ϭ 69.7 and 74.6 g/mL, respectively) as compared to normal cell lines (MDCK IC 50 ϭ 106.1 and 131.1 g/mL and IEC-6 IC 50 ϭ 134.0 and 128.5 g/mL, respectively). In addition, these extracts induced significant apoptosis in the cancer cells ( p Ͻ 0.05) at 100 g/mL. The seeds of G. lotoides were found to contain nutritional compounds of well-established chemopreventive activity, including vitamin E, folic acid, selenium and calcium. The hydrophilic oxygen radical absorption capacity (ORAC) value was found to be 123 M Trolox Equiv./g, indicating the antioxidant activity of the plant. These data suggest that the seeds of G. lotoides could potentially be used in the diet in chemoprevention of cancer and warrant further confirmatory preclinical and clinical studies. The amount of protein, carbohydrate, fat, ash, moisture, sugar profile and fatty acids further support the nutritional value of the seeds.
On 31 August 2007, the Ministers of Health of the WHO African Region, assembled in Brazzaville for the fifty-seventh session of the Regional Committee for Africa ( 1 ) , made five commitments including the need to intensify efforts to produce inventories of effective practices as well as evidence of the safety, efficacy and quality of traditional medicines and undertake relevant research. In fact, due to a lack of sufficient local expertise and resources, the potential therapeutic value, safety and efficacy of many African medicinal plants are still unelucidated. However, several early reports underscored the importance of traditional medicine (2) (3) (4) . For example mineralogical analyses demonstrated a striking similarity between the Uzalla village antidiarrheal clay (in Nigeria) and the clay in the commercial pharmaceutical Kaopectate ( 2 ) . It has been shown that traditional and modern medicine can merge to save lives ( 5 ) , and recently Indonesia tapped into village wisdom to fight bird flu ( 6 ) . AIDS in Africa has also raised the question of trust ( 7 ) and recognition ( 8 ) of traditional healers. It is critical to know the nutritional value of African diets for improved disease prevention and management. For example, iron overload in Africa may be caused by an interaction between the amount of dietary iron and a gene distinct from any HLA-linked gene ( 9 ) . We have previously reported on the efficacy of some African plants indicated for Trypanosoma brucei treatment ( 10 ) . To further contribute to this bridging of the knowledge gap in this area of research, here we focus our effort on Glinus lotoides .
G. lotoides L. (Molluginaceae) is one such promising dietary vegetable and medicinal plant in Africa and Asia, the seeds of which are traditionally used as an antitumor, antifungal and anthelminthic treatment ( 11 , 12 ) . The taenicidal activities against Tenia saginata and Hymenolepis nana worms ( 13 , 14 ) , and the antitumor activities against Dalton's ascitic lymphoma in Swiss albino mice ( 11 ) have been evaluated. The pharmacological activities of the plant have been attributed to its saponins and flavonoids (11) (12) (13) (14) . Phytochemical investigation of G. lotoides afforded several hopane triterpenoidal saponins (glinusides A-I, lotoideside A-F and succulentoside B), flavonoids (vicenin-2, vitexin-2 ″ -O -glucoside, apigenin-7-O -glucoside, isovitexin, and luteolin-7-O -glucoside) and isoflavonoids ( 15 , 16 ) .
Epidemiological evidence suggests that micronutrients in the diet prevent neoplastic transformation of normal cells or slow the progression of established malignant changes in cancer cells ( 17 ) . Based on this association between diet and prevention of cancer, edible plants are increasingly being studied as potential sources of new anticancer agents ( 18 , 19 ) . Micronutrients such as antioxidant vitamins and minerals as well as certain phytochemicals present in vegetables and fruits are regarded as the most desirable class of chemopreventive agents ( 20 ) . The protective effects against carcinogenesis may derive from each component acting via a variety of distinct and potentially interactive mechanisms ( 21 ) . Additionally, the extended duration in the conversion of adenoma to adenocarcinoma provides a window of opportunity for dietary intervention ( 22 ) .
Despite the popularity of the seed of G. lotoides in Asia and Africa, there are no systematic studies elucidating the macronutrient and micronutrient contents of the seeds of G. lotoides or the chemoprevention activity, making it difficult to scientifically support its extensive utilization as an alternative chemopreventive agent or food in the future. This study was designed to bridge the knowledge gap by evaluating the antiproliferative activities on mammalian cell lines. We have also examined and reported, for the first time, the macro-and micronutrient values of the seeds of G. lotoides .
MATERIALS AND METHODS
Plant material and extraction. Fruits of G. lotoides were purchased from the local market, 'Merkato' in Addis Ababa, Ethiopia. The identity was confirmed by the National Herbarium, Department of Biology, Faculty of Science, Addis Ababa University, Ethiopia (voucher specimen No. 003444). The seeds (500 g) were separated from the fruits, powdered using a mortar and pestle and extracted successively with 500 mL each of n -hexane, dichloromethane, methanol and water in soxhlet extraction set up for 2 h each. The extracts were collected, concentrated in a Rotavapor (Buchi Labortechnik AG, Flavil, Switzerland) at reduced pressure and dried using a Freeze Dryer (Labconco, Co., Kansas City, MO). They were stored at room temperature before subsequent experiments.
Cell culture. Caco-2, Calu-3, MDCK and IEC-6 were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). Cell culture medium and fetal bovine serum were purchased from Invitrogen, Co. (Carlsbad, CA). Cell culture plasticware was obtained from Invitrogen, Fisher Scientific (Hanoverpark, IL) and VWR International (Chicago, IL). Cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 10% fetal bovine serum, penicillin (100 units/mL), and streptomycin (100 g/mL). Cells were incubated at 37˚C in a fully humidified environment under 5% CO 2 . Caco-2, Calu-3 and MDCK cells at passage 30-40 and IEC-6 cells at passage 5-15 were used for the experiments. Cells were subcultured before reaching 90% confluency in 2-3 d interval.
In vitro assays of antiproliferative activity. The inhibitory effects of the extracts of G. lotoides on cell growth were determined by the analysis of viable cells using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay following the manufacturer's protocol. Cells were seeded in 96-well plates (1 ϫ 10 4 cells/ well), each well containing 100 L of fresh medium. The cells were cultured for 24 h and the extracts of G. lotoides were then added to the wells in doses of 10, 50, 100 and 250 g/mL. DMSO (Sigma, St. Louis, MO) at a concentration of 0.5% was used to improve the solubility of the extracts in the culture medium. After 24 h of treatment, the cells were treated with 15 L of MTT (Promega, Madison, WI) and were incubated for another 4 h. The medium was aspirated and replaced with DMSO, and the plate was agitated. The plate was read on a microplate reader (Beckman Coulter, Multimode detector, Fullerton, CA) at 570 nm. The vehicle-treated cells, which did not receive extract treatment, were used as a control for 100% cell viability. Concentrations of extract that inhibited proliferation of cultured cells by 50% (IC 50 values) were determined from log-transformed data using Graphpad ® Prism 5 software. Caspase-3/7 activity assay. This study was performed using the APO-ONE ® homogeneous Caspase-3/ 7 assay kit (Promega, G7790) following the manufacturer's protocol. Cultures were prepared and exposed to the extracts of G. lotoides as described above. No cells were seeded in the blank control wells. In the negative control, 0.5% DMSO in culture medium was used. After incubating cells at 37˚C with 5% CO 2 for 24 h, the caspase substrate was added to each well, and the plate was incubated at room temperature. The level of fluorescence was read at 24 h using a microplate reader (Beckman Coulter) with excitation at 485 nm and emission at 535 nm.
Morphological changes. The morphological changes of Caco-2, Calu-3, MDCK and IEC-6 cells treated with 100 g/mL of the extracts of G. lotoides for 24 and 48 h were observed by using an inverted optical microscope (VistaVision, VWR, USA) at magnifications of 100, 250 and 400 times.
Nutritional content analyses. Compositional analyses of the powdered seeds of G. lotoides were conducted to measure proximate package analysis (protein, total carbohydrate, ash, moisture and fat), sugar profile, fatty acids (C 8 -C 22 ), vitamins (natural vit. E ( 23 ), niacin, thiamin and folic acid), secondary metabolites (campesterol, stigmasterol, ␤ -sitiosterol and other sterols/ stanols) and minerals (calcium, iron, magnesium, phosphorus, potassium, selenium and sodium). All compositional analyses were performed at Covance Laboratories, Inc. (Madison, WI) as described in Official Methods of Analysis TM (OMA) ( 24 ) of The Association of Analytical Communities (AOAC International).
Oxygen radical absorption capacity (ORAC). The ORAC assay was also performed by Covance Laboratories according to a previously described method ( 25 ) using the antioxidant, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid or trolox (a vitamin E analogue) as standard.
Statistical analysis. Data were converted to percent control by dividing raw values of each replicate by the mean control values (separate means were calculated for controls from each time period, when applicable). The ratios were then multiplied by 100. Results were analyzed using ANOVA and Bonferroni's multiple comparison test to assess statistical significance. Values of p Ͻ 0.05 were considered statistically significant.
RESULTS AND DISCUSSION
The rationale for the selection of G. lotoides for evaluation of its anticancer activity is threefold. (i) It has been used widely for many years as a traditional folk medicine, and it has been shown to exert effects on various human illnesses ( 11 , 12 ) . (ii) It is used as a dietary vegetable, indicating possible safety in its future utilization. (iii) It contains several classes of plant flavonoids and saponins which have been suggested to have preventive roles in cancer ( 15 , 16 ) .
The cell lines were selected to represent the traditionally exposed mammalian cells (cancerous and normal cell lines of the gastrointestinal tract, kidney cells). In addition, Calu-3 was selected in order to investigate possible anticancer activity of the plant on lung cancer.
The extracts of the seeds of G. lotoides inhibited proliferation of the cancer cell lines in a dose-dependent manner (Fig. 1) , with IC 50 values as low as 29.7 g/mL for the methanol extract on Calu-3 cell lines ( Table 1) . The extracts were more effective in inhibiting growth of cancer cells (Figs. 1A and B) than that of normal immortalized cell lines (Figs. 1C and D) . The IC 50 values on normal cell lines are relatively higher ( Ͼ 106 g/ mL) as compared with the values for carcinoma cell lines. The water extract showed the least antiproliferative activity. This could be attributed in part to the nature of the soxhelt extraction in that most of the active ingredients could have been extracted with the solvents used in earlier extraction steps. In this study, the n -hexane extract showed significant antiprolifera- tive activity against Caco-2 (IC50ϭ74.6 g/mL) and Calu-3 (IC50ϭ79.8 g/mL). Previous phytochemical and bioactivity studies focused more on the polar components of the plant (11, 16) in comparison to the nonpolar components. Results of this study suggested that the non-polar components of the plant need to be investigated to elucidate their mechanism of action. The morphological changes of the cells (Fig. 2) as well as the significant elevation of the levels of caspase-3/7 (Fig. 3 ) in cells treated with the extract of the plant strongly suggested that the mechanism of cell death could be apoptosis (26) . However in future studies, the use of techniques such as DNA fluorescence will allow us to definitely confirm this observation.
During live cell imaging, we noticed changes in cell morphology consistent with an apoptotic mechanism of cell death. As a representative, Fig. 2 depicts the morphological changes of Caco-2 ( Figs. 2A-C ) and IEC-6 (Figs. 2D-F) cells upon exposure to the methanol extract of the seeds of the plant at a concentration of 100 g/mL. As shown in this figure, cancer cells treated with the extract show features of cell shrinkage, irregularity in shape and cellular detachment. These changes significantly increased from 24 to 48 h, suggesting a time-dependent effect of the extract. The morphological changes were more significant on the cancer cells. Figures 2D-F show the morphological changes of IEC-6 cells exposed to the same extract. The results obtained from the optical images are in a good agreement with the MTT assay results (Fig. 1) , where Caco-2 cells showed less than 40% viability when exposed to 100 g/mL methanol extract. On the other hand, IEC-6 cells showed 75% viability under the same condition. Caspase-3/7 assay (Figs. 3A-D) that specifically identifies whether effector caspases 3 and 7 are activated, could confirm that cell death occurred via apoptosis. As shown in Fig. 3A , the methanol extract showed the highest caspase activation in Caco-2 cells. At concentration of 250 g/mL, the methanol extract had increased the caspase activity (4 times) compared to the control. In Calu-3 cells, n-hexane extract showed the maximum induction of apoptosis. The methanol extract also showed a considerable increase in caspase activity, whereas the water extract was statistically insignificant (pϾ0.05) at all concentrations tested on Calu-3 cell lines.
Epidemiological evidence suggests that plant-based dietary agents decrease the risk of some types of human cancer. Intake of 400-600 g/d of fruits and vegetables is associated with reduced risk of several cancers (27) . Micronutrients (antioxidant vitamins and trace minerals) as well as certain phenolic compounds present in vegetables and fruits are regarded as the most desirable class of chemopreventive agents (20, 27, 28) .
As shown in Tables 2-5 , the seeds of G. lotoides were found to contain macro-and micronutrients of wellestablished chemopreventive activity. The seeds contain a high concentration of vit. E (12.0 IU/100 g). The protective effect of vit. E-containing foods in colon and rectal cancer has been reported (17) . Vit. E functions as the major lipid soluble antioxidant in cell membranes; it is a chain-breaking free-radical scavenger and specifically inhibits lipid peroxidation, a biological activity rel- evant to carcinogen-induced DNA damage. The mechanisms through which tocopherols inhibit cell proliferation include inhibition of protein kinase C activity, induction of NADPH detoxification enzyme, and reduction of arachidonic acid and prostaglandin metabolism (29) . Folic acid in concentration of 108 g/100 g was found in the seeds of G. lotoides (Table 2 ). Folic acid is essential for the biosynthesis of purines and thymidylate, and is an important mediator in the transfer of methyl groups for DNA methylation. Folate insufficiency has been implicated in the development of several human and experimental cancers (30) .
Selenium and calcium are minerals that appear to play important roles in the chemoprevention of cancer (31) . As shown in Table 2 , together with other minerals, the seeds of G. lotoides were found to contain selenium (85.8 g/100 g) and calcium (368 mg/100 g). Selenium is one of the few micronutrients for which an anticarcinogenic effect has for long been postulated and finally demonstrated in a large controlled clinical trial (32) . Recommended intake and upper tolerable level are 40-55 and 300 g/d (33), indicating the need to control the amount ingested during its traditional use as well as dietary consumption. Induction of apoptosis is considered an important cellular event that can account for the cancer preventive effects of Se (34) . Hence, a better chemical characterization of Se compounds in the seeds of G. lotoides is needed to elucidate the cancer prevention activity of the plant. Additionally, the high potassium content of the seeds (1,170 mg/ 100 g) ( Table 2 ) might be beneficial for cardiovascular health. More research is needed to assess the levels of other phytochemicals present in the seeds of G. lotoides to support dietary recommendations or health claims. Tables 3 and 4 depict the fatty acid profile of the seeds of G. lotoides. The seeds of the G. lotoides contain a high concentration of -3 fatty acid (␣-linolenic acid, 375 mg/100 g of seeds). It has been reported that fats containing -3 fatty acids reduced chemically induced colon tumor (35) . It was also reported that -3 fatty acids present in dietary meal inhibit oxidative metabolism of arachidonic acid by the cyclooxygenase (COX) pathway responsible for prostaglandin synthesis (36) . Studies have indicated that prostaglandin synthesis inhibitors prevent colon carcinogenesis (37) . Recently Suzuki et al. showed that consumption of Catalpa ovata seed oil, which is rich in conjugated linolenic acid, suppresses the development of colonic aberrant crypt foci induced by azoxymethane in rats (35) . Phytosterols were reported to show significant cancer prevention activity (38) . Table 5 shows the macro-nutritional values of the seeds of G. lotoides. The seeds of G. lotoides were found to contain a total of 124.29 M Trolox Equiv./g ORAC activity with predominantly hydrophilic ORAC (123 M) and lipophilic ORAC (1.29 M). There is overwhelming evidence that reactive oxygen species (ROS) are the underlying cause of many chronic diseases that involve enhanced intracellular oxidative stress. At elevated levels, ROS have been reported to alter the structure of cell membranes, which can adversely affect cell function and potentially lead to cell (39) . The seeds of G. lotoides have been reported to contain a high concentration of flavonoids, commonly known as apigenin and its glycosides (40) . The dietary flavonoids possess antioxidative, anti-inflammatory, and possibly anticarcinogenic properties and are receiving increasing attention. Flavonoids have been demonstrated to induce cell death or cell cycle arrest depending on their type and concentration (18) . Apigenin, a widely distributed plant flavonoid abundantly present in fruits and vegetables, is a free-radical scavenger that has been shown to possess anti-inflammatory and anticarcinogenic effects (41) . Moreover, rooibos (Aspalathus linearis) and honeybush (Cyclopia intermedia), two popular tisanes in South Africa that are rich in polyphenols, have demonstrated potent antioxidant, immune-modulating and chemopreventive actions in experimental animal studies (42) . These data suggest that the seed of G. lotoides may have potential chemopreventive activities as well.
CONCLUSION
The extracts of the seeds of G. lotoides (a seed used as a food and in African traditional medicine) inhibited selectively the growth of cancer cells in vitro in a concentration-dependent manner. The micronutrient and the chemical profile of these seeds are reported here for the first time and the documented effect of the seeds was consistent with that observed in vitro bioactivity. Like Moringa oleifera (43) , the seeds of G. lotoides appear to be a food plant with multiple potential medicinal uses. These data suggest that these seeds could potentially be used as a food in the chemoprevention of cancer and warrant further confirmatory preclinical and clinical studies including detailed content analysis of phytochemicals and elucidation of the mechanism of action of the seed extracts (inhibition of the tumorigenesis or angiogenesis?) under a recently proposed comprehensive ethical framework for clinical research (44) .
